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BBenenue. Bosia urpaer BakHylo poJib B )KM3HU YeJIOBEKAa M IIUPOKO HC-
MOJIB3yeTCSl B TEXHOJIOTMYECKuX Tmporeccax [58, 82]. Ee coctaB u dwusuko-
XUMHUYECKUE CBOWCTBA OMpeNeisioT 3(PPEeKTUBHOCTh PAa3IMUHBIX MPOU3BOJICTB,
MOATOMY MJIYT MOUCKH SKOHOMHYECKU OMpPaBIaHHBIX CHOCOOOB IMOBBIIICHUS €€
kauecTBa. Ocoboe MeCTO Cpelu HUX 3aHMMAET JIEKTPOXUMHUYECKas: aKTUBAIIUS
BOJHBIX PACTBOPOB, C TOMOIIBI0O KOTOPOH MOMXHO JOCTHYb IOBBIIICHUS U
YIYUIIEHHUS] KAYeCTBA BBIMTYCKAEMOM MPOIYKIMH, YMEHBIIUTH AHTPOIOTE€HHYIO
Harpy3Ky Ha OKpykarouyto cpeny [8, 18,33, 37,43, 44]. Takue BogHbIE PACTBOPBI
XapaKTEepU3yeTcsl BBICOKOM  (PU3UKO-XMMUYECKOM W  OHUOJOrMYecKOl  ak-
TUBHOCTSIMU [68]. MeToapl moinydyeHuss U CBOMCTBA PACTBOPOB OIMCAHBI KAK B
HAy4HOH, Tak U B yueOHOU nuteparype [28, 29, 30, 31, 60]. Haubonbiiee pac-
MPOCTPAHEHUE TOJYUYUIIM KATOJUT, QHOJUT U OECKOHTAKTHO aKTHBHPOBAHHBIC
BOJHBIE PACTBOPBI. DJEKTPOAKTHBALIMS IIO3BOJISIET IOJy4aTh PAacTBOPHI, HC-
MOJIb3yeMbI€ B MHUIIEBON MPOMBINIIICHHOCTH, OMOTEXHOJIOTHH, KOPMOIPOU3BO/I-
CTBe, MeIulMHe U BetepuHapuu [3, 4, 5, 13, 36, 38]. B Hacrosmem o0630pe
0000IIIeHbl METOJIbI MPUMEHEHHUS SJECKTPOAKTUBUPOBAHHBIX PACTBOPOB B ITHX
00JIaCTAX YETOBEUYECKOU 1eATEIbHOCTH.

AxKTuBanus (GepMeHTOB AaHTHOKCHIAHTHOM cHCTeMbl. J[eMCTBHE DJEK-
TPOAKTUBUPOBAHHBIX BOJHBIX PACTBOPOB HA AKTUBHOCTh AHTHUOKHUCIUTEIBHBIX
(depmMeHTOB (KaTanasza, MEpOKCHIa3a U CYNEPOKCUIANCMYTa3a YeJIOBeKa, MOJy-
YeHHAs U3 PEKOMOMHAHTHBIX APO}OKer Saccharomyces cerevisiae, mramm Y2134)
OBLJIO 3aperuCTPUPOBAHO B MOJEIIbHOM Ouonorumdeckoil cucreme [2, 14, 34]. B
paboTe UCTOJIb30BAHBI APUTPOIUTHI MEPUPEPUIECKON KPOBU 3I0POBBIX KPOJIHUKOB
MOPOJIbl MIUHINWIUIA. DPUTPOITUTHI OB OCAXKIEHBI IEHTPU(PYTUPOBAHUEM H
nausupoBanbl B 5 MM tpuc-HCI 6ydepe, pH 7,8. Jlns ocakaeHus: reMoriioOnHa K
1 mut mu3ara no6asmsum 0,25 M 96% s>tunmoBoro criupta u 0,15 Mt xaopodopma,
BBLICPKMBAIK 15 MMH Ha nensHol 6ane, nenTpudyruposanu npu 103 g B Teuenne

15 mun nipu Temneparype 4 °C.
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AKTUBHOCTb KaTaja3bl U3MEPSIIM C MOMOLIBIO PEaKLIWHA B3aWMOJEHCTBUS
OCTATOYHBIX KOJIMYECTB nepokcuaa Bogopoaa (H202) ¢ monubrarom amMmmonus u
MOCIEeTyIONUM (DOTOMETPUUECKIM H3MEPEHUEM OKPAIICHHOTO MPOAYKTa peak-
AU TIPU JJIMHE BOJIHBI 415 HM.

[lepokcuaazHyto aKTUBHOCTh OMNPEACIISUIA MO BPEMEHU PEAKIIUU OKHUC-
JICHUSI UHAUTOKapMUHA TMEPOKCHIAa30M, a aKTUBHOCTh PEKOMOWHAHTHOU cCyrie-
POKCUIMCMYTa3bl CIIOCOOHOCTHIO KOHKYPUPOBATH C HUTPOCUHUM TETPA30JIUEM 32
CYNEepOKCHIHbIE aHWOHBI, OOpa3yloNIUMecs B pPE3yJbTaTe a’poOHOTO B3aMMO-
nerictBust BocctanoBieHHo ¢popmel HAJIH u dhenazunmeracynbdara (OPMC).

DNEKTPOXMMHUYECKH aKTUBUPOBAHHBIE PACTBOPHI MOJyYald MPOMyCKa-
HUEM pacTBopa xyiopucroro Hatpus (1 1/im) uepe3 ycranoBky «U3ympyny», nMe-
IONIYI0 JBa IOCIEA0BATEIbHO COCIUHEHHBIX 3JIEKTPOJU3EpPA C KEPAMUYECKOU
MeMOpaHoii U 00eCHeUYrBaOIIyI0 TMOJyYEHUE PACTBOPOB C OKHUCIUTEIHHO-
BOCCTaHOBUTEIBHBIM TTOTeHIIMaIoM oT +200 MB mo - 70 mMB. C nmomompto pH-
METpa C IJIATUHOBBIM 3JIEKTPOJOM B CTAaHJAPTHBIX YCIIOBHUSX MOCTOSIHHO H3MeE-
psnca OBII.

ABTOpaMu TIOKa3aHo [2], 4TO NpenHKyOaIusi SpUTPOIIUTOB C PA3TUUHBIMU
KOHILIeHTpamusiMu DXA pacTtBopoB B TedeHue S5, 10 u 20-Tu MUHYT BO BCexX
ciydasix npuBena K AByxdasHomy 3P ¢heKTy: ObICTpOe aKTUBUPOBAHUE KaTajiasbl
KpPOJIMKA B 3aBUCUMOCTH OT KOHUEHTPALIUU JIEKTPOAKTUBUPOBAHHOTO PAacTBOpa U
MocJeAyolee BO3BpallleHUEe K MPEKHEMY YPOBHIO AKTHMBHOCTHM WJIU ciadoe
UHTUOMpoBaHue (PUCYHOK 1).

B 3aBucumoctu ot OBII pacTBOpoB akTUBHOCTH (PEPMEHTOB TAK¥KE J10-
CTUTaj]a MaKCUMyMa, a 3aTeM CHIKaJIach MPU YBEJIMUYCHUH KOHIICHTpAIlMU pac-
TBOpa B cpelie. AHAIU3 JaHHBIX MO3BOJISIET B LIEJIOM 3aKJIIOUUTh, YTO C MOBBIIIIE-
HueMm OBII u xonnentpanuun XA pacTBOPOB CHIKACTCS M HEOOXOAUMOE IS
akTuBaIuu (epMeHTOB BpeMst HHKyOarmu. OqHaKo MPU BHICOKOM KOHIIEHTpAaIllUU
AIEKTPOAKTUBUPOBAHHBIX PACTBOPOB HMX JIEHCTBHE MPUOOPETAET UHTUOUPYFOIITHIA

XapakTep. DTH U3MEHEHUs1, BEPOSITHO, CBSI3aHbI CO CIOCOOHOCTH 3JIEK-
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TPOAKTHBUPOBAHHLIX PACTBOPOB I'CHCPUPOBATL CYIICPOKCHAHLIC paJuKaJbl, KO-
TOPBIC B HHU3KHX KOHIOCHTPpAIUAX AKTUBUPYIOT AHTHOKCHUIAHTHBLIC q)epMCHTBI.

[Toxoxwue pe3ynbTarhl ObUIH MOTy4YeHsI [ 14, 38].

Pucynok 1 - Bausinue 9XA pacTtBopoB
Ha aKTHUBHOCTU Kartajasbl (A), Mepok-
cugasbl (b) sputrponuTOoB Kponuka u
PEKOMOMHAHTHOW  CYyNEpPOKCUAIUCMY-
Ta3bl Apoxokei (B). Bpems nnkyOauuu 5
(1), 10 (2) m 15 mun (3) [2].

Takum 00pa3om, BO Bcex ciyyasx nedcTtBusi DXA pacTBopoB Ha dep-
MEHTBl aHTUOKCHUJAHTHOM 3aIUTHl OPraHW3Ma OTMEYEHBI SICHBIE J0303aBUCHMBIE
BIIUSIHUS, onpenensieMble BenuunHor OBII, koHIleHTpanuen 31eKTpOXUMHUYECKH
aKTUBHPOBAHHBIX PAacTBOPOB B PEAKLMOHHOM Cpelie U BPEMEHEM HMHKYyOaluu c
SPUTPOLUTAMM.

Boineuka nmmeHW4YHOro xjeda ¢ MCNOJb30BaHHEM B TeCTO3aMellH-
BaHUM JIEKTPOAKTHBHMPOBAHHBIX BOJAHBIX pacTBopoB. Ha xadenpe Gmorex-
HOJIOTUHU, OnoxuMuu U O6modu3ukn KyO0aHCKOTO roCymIapCTBEHHOTO arpapHOTo
yauBepcureta (KpacHogap) 3y BO3MOKHOCTD BBIIIEYKH MIIEHUYHOTO XJie0a,
WCIIONIBb3YS JUI aKTHUBALUU MEKApPCKUX CYXUX IPOXKEH M 3aMEIIMBAHMS TeCTa
ANEKTPOAKTUBUPOBAHHBIE BOJHBIE PACTBOPHI [16]. ABTOpBI IPEATIONOKUIN, YTO

KayecTBO XxJjieba 3aBHCUT OT KadecTBa HHI'PCAUCHTOB W BOJBI. Cornacnao UM,
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KaueCTBO BOJIbI SIBJISIETCSA KJIIOYEBBIM 3JIEMEHTOM MpH Bbineuke xjeba. Cyie-
CTBYIOIIIME CTaHAAPTHI OLIEHKA Ka4eCTBa BOJbl HECOBEPILICHHBI U HE YYUTHIBAIOT
P HEKOTOPBIX TApaMeTPOB, KOTOpPHIE BIUAIOT Ha OMOJIOTHYECKHE (yHKIIUA
BoJbl. PemokcroTeHman sBisieTcsi HanboJiee BaXKHBIM €€ KPUTEPUEM U JIOJIKEH
OBITH OTPUIATEIBHBIM JIJI1 MMUTHEBOU BOJBI. ABTOpPAaMH PACCMOTPEHO BIIWSHUC
ATOTO TapaMeTpa Ha OMOJOTUIECKUE MPOIIECCHI B )KUBBIX KJIECTKAX U UX aKTHBAIIUIO
WM MHTUOMPOBAHUE MPU PEaKTUBALMM MEKAPCKUX JPOXKKEH U MPUTOTOBICHUU
(dbepMEHTUPOBAHHOTO TECTA.

Bona Obuta akTUBUpOBaHA C TOMOIIBIO KOHTAKTHOTO U OECKOHTAKTHOTO
MeTo/0B. Bojy, akTHBUPOBAaHHYIO OECKOHTAaKTHBIM METOJIOM, IMOJy4Yaldd Ha
yaeOHo-MeronndeckoM crenae «M3ympya-CHU» (mon. 04u). Ilpu KOHTaKTHOM
METOJI€ DJIEKTPOAKTUBAIMS MPOBOJAUIACH HA Y4YEOHO-METOJAMYECKOM CTEHJIE
«M3ympyn-CHU» (Moa. 03u) B mpoTOUHOM KaMepe ¢ KepaMuIeckoii MemOpaHoii. B
pPa3HBIX PEXUMAaxX pabOThl MPOTOYHOW KaMephl IMOJIy4Yaad AaHOJIUT, KaTOJUT,
NUTHEBOM aHOJIMTA U MUTHEBOM KaTONUT. [loiydeHHbIe pacTBOPHI UCTIOIL30BAIU
JUTSI aKTUBAIIAM JPOXKKEH U TIPU 3aMEIIMBAHUY TIIIICHHYHOTO TECTA.

Jns akTuBamuu cyxux Apoxoked ucmosibzoBanu tembie (30 °C) 5%
pPacTBOPHI caxapa, MPUTOTOBJICHHBIC HA AaKTUBUPOBAHHBIX BOJHBIX PAaCTBOpPAX U3
pacuera 30 MJ1 pacTBOpa Ha TPU CTOTPAMMOBBIX OyJIOUKH, aKTUBAIUIO MPOBOIUIU
B 200 MJI CTEKJITHHBIX JJAOOPATOPHBIX cTakaHaX. 3a 30 MUH. 10 Hayaja 3ameca 6 T
CYyXHX JPOXOKEH BBICBHIMAIA B CaXapHbBIE PAacTBOPHI MPH JITKOM BCTPSXWUBAHUN
cocyqnoB. VHTEHCHBHOCTh aKTHBAIIMM OIEHWBAJIM IO YPOBHIO pacTBOpa B
CTaKaHaX, KOTOPBIM MOBBIMIAJICS MPOMOPIIMOHAIBHO BBIICICHHOMY POXKKAMU
yriekuciaomy razy. Ilpomecc Opoxenust tecta mnpoxoawn mnpu 30+2 °C wu
OTHOCUTENBHOU BiaxkHocTu 75-80%. TecTo B3BelIMBaIM, ASIUIA HA TPU PABHBIX
Kycka, (OpMOBAJIM W OTMPABIISUIA HAa PACCTOWKY. BBINIEUKy MPOBOAWIN TIpU
temrepatype 23045 °C B Teuenne 20 MuHyT. B TecTo3aMennBaHuy NCTIOIb30BAIN
T€ K€ MATh TUIOB JIEKTPOAKTUBUPOBAHHOM BOJIBI, YETHIPE U3 KOTOPBIX MOTydaIn

KOHTAaKTHBIM CHOCO6OM, H OOAUH OeCKOHTAKTHBIM. Bce THIbI BOJBI ObLIH OLICHCHBbI
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10 MMHHCEpAJIU3alluu, pH H  PCAOKC-IIOTCHOHAY, HX (I)I/ISI/IKO-XI/IMI/I‘{eCKI/IC

XapaKTEPUCTUKU TPEJICTaBICHbI B Ta0. 1.

Ta6JII/IHa 1 - ®u3NKO-XUMHUUECKHUE XApPaKTCPHUCTHUKH BOJHI, HCII0JIb30BAaHHOU IIpu
AKTHUBaAllNN I[pO)I(}KefI U ITpH ITPUTOTOBJICHHUUN TCCTA

Tun BoIbI pH OBII, MB | Musnepanu3aius, MI/i
BoionpoBoiHast (KOHTPOJIb) 7,94 220 470
BeCKOHTaKTHO aKTMBUPOBAHHAs 8,0 -110 460
[IuTheBast KATOIUT 8.1 4 483
[IuTpeBas aHOIUT 8,14 67 461
Karomur 10,1 -767 8000
AHOJIUT 6,15 905 7800

BopompoBoaHass Boaa, BBICTYyNaBIIAs B KAue€CTBE KOHTPOJA, HMeETa
OKHCIIUTEIIbHO-BOCCTAHOBUTENBHBIN NoTeHInan +220 mB, munepanusanuro 470
mr/a, pH 7,94. Tlocne GeckoHTakTHOM akTHBanuu Bojsl OBII mo cpaBHEHHIO
KOHTpOJIeM cTaHoBWiCs oTpuuareabHbiM (-110 mB), pH u Munepanuzauus He
U3MEHsIIMCh. [IuTheBbIe KAaTOIUT U aHOJUT uMean 3HadeHus OBII +4 u +67 MB,
COOTBETCTBEHHO. KaTonuT © aHOJNUT, TMOJYy4YEHHbIE B MPOTOYHOM 3JEK-
TpoakTuBaTope, uMmenu coorserctBeHHo OBII -767 u +905 mB. Ux munepanu-
3arus Takke Obuta Beicokoi: 8000 m 7800 mr/m. IloBellieHHE MHHEpATH3ALNH
IIPOU3O0IILIO B PE3yJIbTATE 100ABICHUS B 2JIEKTPOAKTUBUPYEMYIO BOY XJIOPHUCTOTO
HATpUSL.

HaunGonpiryto akTMBHOCTH TMOKa3aldH JIPOKIKU, aKTHBHUPOBAHHBIE KaTO-
autoM. Boja, mosiydeHHass O€CKOHTaKTHBIM CIIOCOOOM, MO CBOEW aKTUBHOCTU
HEMHOT0 YCTyIajia KaToJUTy. TpeTbUM MO aKTUBHOCTHU ObLI MUTHEBOW KATOJIUT.
Awnomut, He cMoTpst Ha Beicokuit OBIT (+905 mV) u coneprkaHue B HEM aKTHBHOTO
XJIOpa, He CMOT MOJIHOCTbIO HHTUOUPOBATH MPOIIECC AKTUBALIMK IPOACGKEH.

BeckOHTaKTHO aKTMBHpPOBAHHAsI BOJA M KATOJHUT UMEIU OTPULIATEIIbHbIC
3HaueHus1 OBII. OqHako KaTOJUT MpH BBINIEYKE NTOKA3aJl CaMblid HU3KUMN pe3yJibTaT
M0 Ka4yeCTBY IMOJYyYEHHOTO xjeba. ABTOpHI MPEAINojaratoT, 4To B KaTOJHTE B
mpoiiecce OypHOI aKTUBAIUU APOAIKEH B YCIOBHIX HKCIIEPUMEHTA OHH MTOTEPSIIN

CBOIO MOABEMHYIO cuiy. M3 mectu moiydeHHbIX 00pasloB xJjeba Haubosee
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KaueCTBEHHBIM TI0 OOJBIIMHCTBY TIOKa3aTejaed ObLT XJieO, BBIMCYEHHBIH C
UCIIOJIb30BaHNEM O0€CKOHTAaKTHO aKTUBUPOBAHHOM BOJIBI.

CyMMapHOe 3HAaYeHHME AaMHUHOKHCJIOTHOTO CKOpa TOKa3ajo, 4YTO
HanOOJIbIIIEH OMOJIOTMYECKON IIEHHOCTRIO 00J1a/1al0T OCJIKK XJie0a, BBIIEUEHHOTO
C HCTIOJL30BAHUEM JJICKTPOAKTUBHPOBAHHOM BOJIBI, TOTYYEHHON O€CKOHTAKTHBIM
MeTojoMm [15].

OcHOBBIBasICh Ha TIOJIYYEHHBIX PE3yjbTaTax, aBTOPbI MPHUXOIAT 3aKJIIO-
YEHUIO, YTO AKTHUBAIMS IPOXKEH MPOXOIWiia WHTCHCHUBHEE B JJICKTPOAKTHBH-
POBaHHBIX PacTBOpax, UMeronux orpurarenbubiii OBII.

HMuaxkTuBamust aposk:Kkei Saccharomyces cerevisiae. B nmocnennue necatsb
JIET OTMEYCHA TCHACHIMS K YIIOTPEOICHNIO HATYPaIbHBIX MPOJAYKTOB, HMEIOITUX
KOPOTKHE CpoKH XpaHeHus [88]. B cBs3u ¢ »TuM HabI0/1ae€TCs 3aMETHBIN HHTEPEC
K HCCJICIOBAaHUSAM TI0 TIPUMEHEHHUIO SHEProcOeperammmux TEXHOJIOTHH B
nepepadoTKe W XPAaHEHWHM TMHIIEBBIX MPOAYKTOB W MO OOECIEUYEHUI0 HX
0€30MacHOCTH B MPOIECCE XPAHEHUS U MTEPEPaOOTKHU.

JIns mopaBieHUs pOCTa YKCYCHOKHUCIBIX OakTepuil, AUKUX JIPOXOKEH U
IUIECHEBBIX IPUOOB B BUHOJEIUU K CBEXKEBBIIABICHHOMY BHHOTPATHOMY COKY
N00aBISIOT CEpHUCTHIN Tra3 [64]. O cTabunu3anuu MoJyciaagKoro OejIoro BHHA
WHAKTHBAIIMEH MUKPOOPTAHU3MOB AJICKTPUUECKUM TI0JIEM HU3KOW HHTCHCHUBHOCTH
OBLIO COoOO0IIIEHO B psje padot [64, 74, 88].

C sroii ke uenbto [88] M3ydanu pa3pylieHUE U BOCCTAHOBJICHUS KJIETOK
Saccharomyces cerevisiae mociie 00pabOTKH UX CYCIICH3UH B 3JICKTPOJINTHUECKOM
KaMepe. DJIEKTPOAKTHBALUIO MUKPOOHBIX cycrensuii (2 10° KOE/mn) nposoaum
B 0,1 monw/1 pocdhaTtnoMm 6ydepe pH 7,1 B TOCTOSTHHOM JICKTPUIECKOM I0JI€ TIPU
cune toka 0,5 A, temmneparype 4 u 20°C B teuenue 3 wyac [64]. Omenka
KHU3HECTOMKOCTH KJIeTOK (hiryopeciieHTHBIM MeToioM (FUN® 1), u onpeiencarem
KOJIMUYECTBAa MUKPOOPIaHU3MOB dameyHbiM MeToaoM (Heterotrophic Plate Counts)
nanu 3HaueHus 4,2+0,60% u 2,5+0,98%, cooTBeTCTBEHHO. ABTOPHI COOOITHIIH,

YTO KM3HECTOMKOCTh KJIETOK IIpHU MOTCHUUAJIbHBIX JICTAJIbHBIX IMOBPCKIACHUAX -
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sBiaeHue penkoe [63, 78, 88,]. Pe3ynbraThl mokaszaiud, 4TO METOJ MOJACYETA
KOJIOHUM AaeT OoJjiee HU3KUM pe3ynbTar 1o cpaBHeHHio ¢ FUN® 1 u onenkoi
koHieHTpanuu AT® (tabnauua 2).

beuto caenano 3akiroueHue, 4TO IS IOHUMAHHS 3JIEKTPOAKTHBAIIMKM KaK
crocofa CTepUIM3aii HEOOXOIUMBI JOTIONHUTEIbHBIC HccaeaoBanus. OcCHO-
BBIBASICh YK€ Ha 3TOM HCCJICIOBAHWH, aBTOPHI HE WCKIIOYAIOT MPOMBIIIICHHOE
IPUMEHECHHUE DJICKTPOAKTHUBAIMS WJIM JJIEKTPOJIM3a B ILENISIX OO0eCIeUeHHs Ipo-

JIOBOJILCTBEHHOM Oe3omacHocTH [88].

Tabnuma 2 - Bimsaue nakyoanuu Saccharomyces cerevisiae npu 20 °C B Teue-
HUE 5 THEW Ha UX )KU3HECTIOCOOHOCTH JI0 U MOCTE 3JIEKTPOAKTUBALIMH (10T -
YeHHYI0 (hJIyOpECIIEHTHBIM METOJIOM M MOACYETOM KOJOHMI Ha miactuHe [88]).

ITocne xpanenus npu 20 °C B
[Tocne anekTpoakTUBaLIKU
Cycnensus TEUCHUU
TIPOKIKEH log1l0 AT®D logl0 ATP logl0 N
(dr/m) log10ON (KOE/mn) (dr/m D) (KOE/mmn)
KoHTpOIIb 8,18 6,04 8,32 5,06
Hocze oreic 6,98 4,61 8,69 5,18
TPOJIHM3a

3 Venous anektponusa: 0,5 A (moctostHEBIH ToK) 3 wac. B 0,1 mol It pocdarrom 6ydepe, pH
7,1.

JJIeKTPOXUMHYECKAS WHAKTHUBAUMsS OaKTepuil, BUPYCOB U Oakre-
puodaroB. O0 HMHAKTUBAIMK OaKTEPUAIBHBIX U JAPOXNIKEBBIX KIETOK IyTEeM
AIEKTPOXUMUYECKON 00OpabOTKU B BOJIHBIX CYCIIEH3USX COOOIIAIUA PSJi UCCIe-
nosarenei [54, 55, 86, 87, 62]. Kak ObL710 mokazaHo, dJIEKTPHUECKUE MOJISI, MOTYT
YMEHBIIIATh KOJIMYECTBO MUKPOOPTAaHU3MOB IMUILIEBBIX MPOAYKTOB [81]. [ToaTomy
C UEIbIO0 BBIABJICHUS TMOTCHIMAIBHBIX METOJOB JE3MH(PEKIMH HAYT MOUCKU
croco0oB 00e33apaKUBaHUS MUTHLEBOM BOJBI O€3 J100ABICHHS B HEEe OOBIYHBIX

XJIOpCOJIepKAIIMX CPpeAcTB [52, 75].

K nHacrosmemy BpeMeHM MHPOBEICHO MAJI0 MCCIIEIOBaHUN, KacCaroUIUXCA
3¢ ()EKTUBHOCTHU DJIEKTPOAKTUBAIIMKN B OTHOIIIEHUH BUPYCOB. B pabote [53] ore-
HUBAJIU CIIOCOOHOCTH OakTepuil U OakTepuoQaroB BbLKUBATH MOCIE BO3/AEHCTBUSA

MOCTOSIHHOTO JJIEKTPUYECKOTO TIOJISI B AJIEKTPOXMMUYECKOM s4erke. beuim

http://ej.kubagro.ru/2013/08/pdf/61.pdf




Hayunsrii xxypraan KyoI'AY, Ne92(08), 2013 rona 9

ucnoab30Banbl cycnensun Escherichia coli u Pseudomonas aeruginosa, a Takxe
unduuupyromue E. coli 6axrepuoparn MS2 u PRD1 sricokoii (1 ¢ 10° KOE) u
au3koit (1-10° KOE) koHLEeHTpanuii, KOTOpbIe MOABEPTald BO3ICHCTBHIO MATHIO
ANEKTPUUECKUMHU UMITYJIbCAMHU C BEITUYMHOW 3JEKTpUdecKkoro Ttoka 25350 MA.
[Tocne sxcno3uiuu mojacdeT OakTepruodaroB METoI0M oOpa3oBaHMs OJISAIIEK HA
razone E. coli mokazan, 4to OakTepruodaru 0ojiee YCTOWYUBHI K BO3JACHCTBHIO
noJig, 4eM OakTepuu MpU PABHBIX YCIOBUSAX OKCIEPUMEHTA, U CKOPOCTb
nHakTuBanuu E. coli 6si1a 2,1-4,3 pasa Beie, yem 6akrepuodara MS2,

DTO SBJICHUE TOJHOCTHIO MOXXHO OOBSACHUTH OOpa3oBaHUEM IOP B MEM-
OpaHe OakTepuil MOJ JEUCTBUEM SJIEKTPUUYECKOro Toiisg (yekTpornopaius). B
pe3ysbTaTre 3TOT0 MPOUCXOAMIO OKUCICHHE MOJICKYJSIPHBIX COCTABIISIOIINX
KJIETOK U BUPYCOB, HAXOJSAIIUXCS B LIUTOIUIA3ME AJICKTPOXUMUUYECKH T€HEPUPY-
€MBIMH OKHCIUTEIIMHU. ABTOPBI TaK)Ke HAACIOTCS, UTO MOJTYyUCHHBIC PE3yIbTaThl
MO3BOJISAT MPUMEHHUTH SJIEKTPOAKTUBUPOBAIIMIO BOJIBI B MHUIIEBBIX TEXHOJOTHUIX
JUTSI CHYDKEHUSI UMCIIa MUKPOOPTaHU3MOB B BOJIE.

buonnienku: npegorspaiesue o0pa3oBaHus M MHAKTHBanus. B npu-
pOJie TOBCEMECTHO PacHpOCTpaHeHbl OuoruieHKU. VX ¢popMuUpyIOT OONBIIMHCTBO
OakTepuii B TPHUPOJHBIX, KIMHHUYCCKUX W TPOMBINUICHHBIX YCIOBUSAX, OHHU
00pa3yroTcs B YCIOBUAX TEKYyUeCTH Ha TpaHHUIle pa3jaena AByX (a3 (KUIKOCThH -
KUIKOCTh, )KUJIKOCTh - BO3AYX U T.I.). bUOTIIIEHKN 0OHApYKMBAIOT HA TBEPJIBIX
cyOcTpaTax, Morpy>KeHHBIX B BOJAHBIA PaCTBOP, OHU MOTYT CO3/1aBaTh CKOTUICHHS,
IUTABAIONME Ha JKUJKUX TOBEPXHOCTSIX. DHOIUICHKHM TMPENCTaBIsSIOT CcOOOM
CEepPBhE3HYI0 MPOOIEMy JII COBPEMEHHOM IMUIINEBOM WHIYCTPUU Ha IepepadaThi-
BAOIINX TPEINPHUATHAX KaK IMOTEHIINAIbHBIC HCTOYHUKHU 3arpsI3HCHUS MHIIEBON
MpOayKIuK, 00Jafasi BRICOKMM YPOBHEM TOJICPAHTHOCTH K aHTHTENIaM, aHTH-
OMOTHUKaM, aHTUCENTHKaM, Ae3UH(eKTaHTaM U (arouTam.

Ha moBepxXHOCTH TUTACTHHOK W3 HEpIKaBEIOIICH CTajlud OBLI HMCCICIOBaH
COBOKYMHBIM MHAKTUBUPYIOMUNA dPGHEKT MIETOYHBIX W KUCIOTHBIX JJICKTPOAK-

TUBUPOBAHHBIX BOJHBIX PACTBOPOB K OmoruieHkam Listeria monocytogenes [42].
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buorienku BelpammBaiy B TedeHue 48 vac npu temmeparype 25 °C B mecsTu-
KpaTHO pa30aBICHHOM COEBOM OyJIbOHE, COJEpXAIIeM CMECh MATHU ITaMMOB L.
monocytogenes. 3aTeM IJIaCTUHKH C BBIPOCIIMMH HAa HHUX OHOIJICHKaMH 00-
pabaThIBJId KHUCJION WM IIETOYHON AJIEKTPOAKTUBUPOBAHHOM BOJIOM, a Takxke
MOCJIEIOBATEIbHO MEHSIM KAaTOJMT Ha aHOJUT. DJIEKTPOAKTHBHPOBAaHHBIE pac-
TBOPHI MOJIyYaJIu MPU MOCTOSSTHHOM 3JIEKTpUYECcKOM Toke cuiion 14 u 20 A B Te-
yenne 30, 60 u 120 c.

O6paboTKa TOJBKO IMIETOYHOHN IICKTPOAKTUBUPOBAHHOM BOJION HE OKa3aia
10 CPAaBHCHHIO C KOHTPOJIEM 3HAUYUTEIILHOTO BIIMSHUS Ha pocT OnorieHku Listeria
monocytogenes. ABTopaMu Takke ObLUIO MOKa3aHO, YyTo o0paboTKa IUIACTHH B
teueHue 30-120 ¢ KUCIION 3IEKTPOAKTUBUPOBAHHOM BOJOM CHUXkaja KOJIMYECTBO
KHM3HECITOCOOHBIX OaKTepUAIBbHBIX MOMYJAIUK B OuoruieHkax g0 4,35,2 logl0
KOE. KoMOunupoBanHasi 00paOOTKa IIEJOYHOM U KHUCIOW 3IIEKTPOaK-
TUBUPOBAHHBIMU BOJAMU MO3BOJIMIIA CHU3UTH KOJIMYECTBO MUKPOOPTaHU3MOB J10
0,3-1,2 log KOE.

[Ipu yBenuueHWH BpPEMEHHU AKCHO3UILUM B KUCJIOW 3JIEKTPOAKTHUBHUPOBAH-
HOM BOJIe MOMYJIALINS 3HAYUTEIbHO CHIKANIACh. CyIlleCTBEHHON pa3HULIBI MEXIY
00paboTKaMu AIEKTPOAKTUBUPOBAHHOW BOJOM, MOTYUYEHHON IIPH 3JIEKTPUUYECKOM
TOKe MHTEHCUBHOCTSIMHU 14 u 20 A, He ObUTO. ABTOPBI MPULUIA K BBIBOJY, YTO
COBMECTHOE MOCJEAOBATEIIBHOE IPUMEHECHUE WIEJIOYHOM MW KHUCJIOM DJIeK-
TPOAKTUBUPOBAHHBIX BOJ| JIyYIlle WHAKTUBUPYIOT OMOTUICHKHU, YEM pa3lielIbHOE
[42, 57, 66].

OpoureHue TynekK ceJibCKOX031MCTBEHHOM NTHLBI. B THIIEBOACTBE 114
obecrnieyeHus: 6€30MaCHOCTU NTHUIIEBOIYECKON MPOAYKIMUA MYyTEM YMEHBIICHUS
MUKPOOHOTO W TEPEKPECTHOTO 3arps3HEHUS KYPUHBIX TYIIEK HCIOJIb3YyeTCs
xJiopupoBaHHas Bojia [77]. B psime HaydHBIX UCCIIEIOBAHUM ObLIO MOKA3aHO, YTO
3¢ (PEKTUBHOCTH XJIOPUPOBAHMS 3aBECHJIA OT KOHIIGHTPAIMM aKTHUBHOTO XJIOpA.
Tak, Boga c KoHIEHTpammer xjopa oT 5 mo 200 mr/m okaswiBayia ciaboe

CTEPWIN3YIOIINE JIEUCTBHE HA callbMOHETy. OOCEMEHEHHOCTh KYPUHBIX TYIIEK
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cHKanach He 6ojiee ueM Ha 1 log KOE na tymiky [56].

Jlns pa3pabotku 6osiee 3(hPeKTHBHOTO MeToja obecriedeHuss MUKPOOHO-
JIOTUYECKON O€30MacHOCTH B TTHUIIEBOJCTBE M3y4YalW aHTUOAKTEPHUATBHYIO 3(-
(EeKTUBHOCTh AIEKTPOXUMUYECKA aKTUBHUPOBAHHBIX BOJHBIX PACTBOPOB ITyTEM
opomieHud uMH Tyuek [90]. ABTOpbI MpOBEepMIM aHTHOAKTEpUANIbHYIO Y eK-
TUBHOCTBH 3JICKTPOXMMHUYECKH aKTHBHPOBAHHOTO pacTBopa mpotuB Salmonella
typhimurium, xotopbiM oporanu Kypunbie Tyimkd npu 20 °C,. D1eKTpoaKkTHBHU-
POBaHHBIA PACTBOP PACHBUIIIA Ha KypUHbIE TyIIKA nona AaBieHueM 413 klla B
TedeHue 17 c, 3aTeM NpoayKT BblaepxkuBanu npu 48 °C B TeueHue 45 MUH.

DNEeKTPOaKTUBUPOBAHHBIE BOJHBIEC PACTBOPHI OBLIH MOTYUYEHBI C TOMOIIBIO
MIPOTOYHOTO ANEKTPOXUMHUUYECKOTO AKTUBATOPA, COCTOSLIETO U3 § MapajieNbHbIX
INEKTPOXUMHUYECKHX  3JeMeHToB  [44]. BomompoBoanass  Bojga — Oblia
MUHEpaJIN30BaHa IOCPEACTBOM XJIOPHCTOIO HATpUs C KOHLEHTpauued 3 1/
AKTUBAIMIO MPOBOJUIIN MOCTOSHHBIM 3JIEKTPUUECKUM TOKOM, MPH HANPSKECHHUU
30 B. OOGmas KOHIEHTpalysi OKCUAAHTOB B 3JEKTPOAKTUBUPOBAHHOM aHOJIUTE
coctaBuiia 300 mr/n cBoboaHOTO XJ10pa pu pH 6,5.

O06paboTKy MPOBOJMIA AaHOJTUTOM PA3HOW KOHIIEHTPAIMHU MO TPaJUIIMOH-
HOM TEXHOJIOTMH 00pabOTKU TYyIIEK MTHIIBI XJOpupoBaHHOW Bomout [85]. Opo-
IIEHUE DJIEKTPOAKTUBHPOBAHHBIM PACTBOPOM C KOHIEHTpALMEl CBOOOIHOIO
xsopa 50 Mr/n cHWkao KOoHIeHTpanuio caabmoHe bl 10 1,39 1ogl0 KOE Ha
Tyumiky. IloBTOpHas 00paboTKa 3TUM € PacTBOPOM JOBOJMJIA KOHLEHTPALHUIO
Salmonella typhimurium g0 0,86 10910 KOE Ha Ty1iky. ABTOpbI TakXe MOKa3aJH,
YTO JONOJHUTEIBHOE OPOIICHUE TYIIEK JICASHBIM 3JIEKTPOAKTUBUPOBAHHBIM
pacTBOpPOM C KOHIEHTpauuen xsopa 50 Mr/mMia He CHUXKajlo 0O0CEMEHEHHOCTH
CaJIbMOHEIIJION. ABTOpPHI MPUXOMAT K BBIBOAY, YTO HEOOXOAMMBI €Ie U JIOMOJI-
HUTEJIbHBIC UCCJICIOBAHUS JIJIsi OLICHKW BJIMSHUS OPOIIEHHUS aHOJUTOM Ha oOpra-
HOJICITUYECKHUE U (PU3NKO-XUMUYECKHE CBOMCTBA IMOJYYEHHOTO KypHHOTO Msca
[90].

®adbpuImo C COABT. COOOIIMIIU, YTO KOJMYECTBO MUIINEBHIX MMAaTOTEHOB B
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KJICTOYHBIX CYCIIEH3MSIX WM Ha MOBEPXHOCTH KIIETOK MOXKET OBITh YMEHBIIICHO
IyTEeM UX MOTPYKEHUS B DJIEKTPOAKTUBUPOBAHHYIO KUCITYIO (ppakiinto BosI [48].
Tymku UbIIsAT-0poiiiepoB, HHOKYIMpoBaHHbEIE 5. typhimurium, okyHamu npu 4
°C Ha 45 MUH: a) B KHUCIYIO AJICKTPOAKTUBUPOBAHHYIO BOJY C KOHIIGHTpAIMen
aktuBHOTO XJopa 20-50 mr/m m pemokc-noreHnmanom 1150 mB, pH 2,6; b)
ICJIOYHYIO JICKTPOAKTUBUPOBAHHYIO BOY C peAOKC-TTOTeHIHAIoM - 795 mV; C)
B PacTBOP XJIOPHOW M3BeCcTH; ) B 030HUPOBAHHYIO BOY; €) B PaCTBOpP YKCYCHOI
KucnoThl U HaTpus pocdara, pH 11,6. OcTaTok momynsunu GakTepuil onpeaessiun
B MOMEHT Haudaja JKCIIEpHUMEHTa M TIOCie 7-MH CYTOYHOTO XpaHEHHS B
XOJIOAUIIBHUKE B a9POOHBIX YCIOBUSX.

Cpazy ke nocie 00padboTku HaTpuiihochaToM U YKCyCHOM KHUCIOTOM TO-
nyssius 5. typhimurium camxanacs 10 1,41 10910, B To BpeMs Kak HOCIIE KUCIIOM
AJIEKTPOAKTUBUPOBaHHOM BOIbI 10 0,86 10g10. [Tocne 7-Mu qHEH XpaHSHUS KUCTast
AJICKTPOAKTUBUPOBAHHAS BOJA, 030H M YKCYCHAsl KHCIIOTa CHIKAJIA YUCIICHHOCTh
5. typhimurium 10 ypoBHS, KOTOpPBIH MOXKHO OBLIO 3aperMCTPUPOBATH TOJBKO
MOCJI€ CEIEKTUBHOTO O0OTallEHUS.

ABTOpBI COOOIIMIIM, YTO OPOIIEHHE TYIIEK KaKIBIM M3 HCIIOJIb30BAaHHBIX
PacTBOPOB HE CHIIKAJIO B MIEPBBIH MOMEHT YHCJICHHOCTh KJIeTOK 5. typhimurium.
[Tocnie 7-Mu CyTOYHOTO XpaHEHUsI YKCYCHasi KUCJIOTAa U KHUCHask SJIEKTPOAKTUBH-
pOBaHHas BOJA CHIDKAIM YHCICHHOCTH KjeTok 5. typhimurium mo 2,31 u 1,06
l0g10, cooTBeTCTBEHHO. ABTOpPHI TPUILIM K 3aKIIOYCHHUIO, YTO JJIEKTPOAK-
TUBHUPOBAHHAS BOJA W MOCJICIYIOIICe XPAHCHNUE TYIIEK MTHUIBI B XOJOAMILHUKE
yYMEHbIIIaeT HOMyJIAIHio 5. typhimurium Ha uX MOBEPXHOCTH.

NuakTuBanusi cnopoodpasyromux 0akrepuili M TOKCHHOB. B numeBon
MPOMBIIIIIEHHOCTH, OCOOCHHO B NMPOU3BOACTBE KOHCEPBOB, MHAKTUBAIIMS OaKTe-
PHAITBHBIX CTIIOP UMEET OMPEICIIAIONIee 3HAUCHUE [T 00ecTiedeHrs: 0€30acCHOCTH
npoayKiuu. st 7TOro mpoyKThl [UTUTEIEHOTO CPOKA XPAHEHHUS CTEPIIIN3YIOT.

['pammonokuTenbHble OakTepuu, OpuHAmIeKamme kK poaam Bacillus,

Clostridium u Sporosarcina, jgerko pacTyT ¥ JACJATCS B OOTaThIX MUTATEIHHBIMU
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BelecTBaMu cpeaax. OnHaKo, B yCIOBUSIX, KOT/Ia OJIHO MJIM HECKOJIbKO HE00XO-
JTUMBIX MMUTATEJIbHBIX BEIIECTB OTCYTCTBYIOT WM UX COJAEP>KaHUE OTPAHUYEHO, B
MHUKPOOpPTaHW3MaX HAYMHAETCS MPOIECC CIIOPOOOPa30BaHUS, B PE3YIbTATE Y€ - TO
00pasyroTcs nokosiuecs cropsl [45, 79, 81]. [lpu 61aronpusSTHBIX YCIOBHSIX 3TH
CIIOPBI MPOPACTAIOT, U3 HUX OOPA30BABIIHMECS MHUKPOOPTaHU3MBI CUHTE3UPYIOT
TOKCHHBI M HM3MEHSIOT THIIEBBIC MPOMYKTHI. ITa CHOCOOHOCTH CIISIIUX CIIOP
npopactath HaOmogaercss B orcyrctBue AT®, HAJI® u 3amacoB OoraThix
SHEPTHUEH COCAMHEHUH, TaKuX Kak 3-docdormurepruHoBas kuciora [45, 70].

TpaauuroOHHO MPOTUB CIIOPOOOPAZYIOMIUX MUKPOOPTAaHU3MOB HUCIIOIB3YIOT
KUJKHAE U Ta3000pa3Hble KOHCEPBAHTHI, OOJBITUHCTBO KOTOPHIX TIOPOTOCTOSIIIH.
YuuteiBass 3TO, U3Y4YaIUCh aJIbTEPHATHUBHBIC TEXHOJIOTUM HWHAKTHUBALIUU
CrIopooOpa3yIoluX MUKPOOPTaHU3MOB. B kauecTBe BO3MOXKHOW albTEPHATHUBBI
ObUTa mpemiokeHa wHakTuBanums crop Bacillus anthracis smexrpoxumudecku
aKTUBHPOBAaHHBIM pacTBOpoM [41]. Takoil pacTBOp, UMEIOIMINIA BBICOKUNA OKHC-
JUTEIbHBIA MOTEHIMAN, MOJY4YaeTcs IyTEM BJIEKTPOJM3a BOJHOIO pPacTBOpa
XJIOpUJa HATPUsl WM JIFOOBIX JAPYruX coJiei. Ero okucnuTenbHbie CBONCTBA SIB-
JSAIOTCA  PE3yJbTAaTOM 3JIEKTPOXMMHYECKHMX PpEAKUUA Ha TpaHWIE pas3jena
aHO/PNIEKTPOJIUT. DJIEKTPOAKTHUBAIIMS PACTBOPA OCYIIECTBISIAChH MyTEM dJIEK-
TPOJIM3a PacTBOPa MOBAPEHHOM COJIHM, B IPOTOYHOM 3JIEKTPOJIU3EPE, COACPKAIIUM
aHOJ M KaToJl, pa3JclICHHbIE MOTYNPOHUIIaeMOi MeMOpaHoii. B anogHOI Kamepe
MPOU3BOJIMIICSI AHOJIUT C OKUCIUTEIIbHBIMM CBONCTBAMH, B TO BpeMs KaK B
KaTOJHOW MOJTyYasy IIEJIOYHON KATOJHUT.

Anosiut umeeT Beicokuit OBII B quamnazone ot +400 10 +1200 MB u kuciyro
peakiuto B mipeaenax pH 1,5-3. OObIYHO aHONUT ¢ TAaKUMHU XapaKTEPUCTUKAMU
MPUMEHSIOT Kak TMPOTHBOMUKpPOOHOE cpenctBo. KatomuT xapakrepusyercs
BOCCTaHOBHUTEIBHBIM peAoKc-oTeHIHanoM oT -80 10 -900 mB u pH 7-12 u MmoxeTt
OBITH MCIIOJIF30BaH B KaueCTBE Moromero cpenacrea [71, 72, 73, 80].

ABTOpBI paboTsl [80] uccienoBanyu NsATh JIEKTPOAKTUBUPOBAHHBIX BOTHBIX

pPacTBOpPaoOB C pa3HbIMU KOHIIEHTpAIUSIMU CBOOOJHOIO XJIOpa U 3HAYCHUSIMU
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OKHUCJIUTENbHO-BOCCTAHOBUTEIBHBIMA TMOTEHLIMATAMU. B 3THUX 3JIEeKTpoakTH-
BHPOBAHHBIX COJIEBBIX pacTBOpax cycreauposaiu Bacillus anthracis u ux cropsr,
uHKyOnpoBanu B TeueHue 30 MHMH. DJIEKTPOAKTHBUPOBAHHBIE PACTBOPHI CO-
Jep>Kaii aKTUBHBIM XJI0p B KoHIeHTparusax oT 305 no 464 mr/n, OBII anonuta
ob1 B mpeaenax ot +826 g0 +1000 mB. B xauecTBe moM0KUTEIBHOTO KOHTPOJIS
aBTOPBI UCIONB30BaIM 5% pacTBOp rumnoxjopura kaiabius. O0paboTka BceMu
UCIIOJIb30BAaHHBIMH 3JIEKTPOAKTUBUPOBAHHBIMU pacTBOpaMu U 5% TUMIOXIOPUTOM
KaJIbIIHS MPUBENN K YMEHBIICHUIO KOJIM4YecTBa Kak camux B. anthracis, tak u ux
ciop 6onee yem Ha 7 l0gl0 KOE. Ha ocHOBaHMYM TOJyYEHHBIX PE3yJIbTATOB
aBTOPBI NPHUIILIA K BBIBOJY, UTO AJIEKTPOAKTUBUPOBAHHBINA PACTBOP, COACPIKAIIMIA
MHUHUMAaJIbHOE KOJIMYECTBO CBOOOAHOTrO Xjiopa B KoHueHTparuu 300 mr/n ¢ OBII
+800 MB, crocoben mHakTUBUpOBaTh criop B. anthracis, maxonsmmxcs B BUzIE
CyCHEH3UU. AHAJIOTMYHOE JACUCTBHE OKas3bpiBal 5% pacTBOp THIIOXJIOPUTA
kanpLus. [1o pe3yapTaTaM JaHHOTO UCCIEA0BAHMS JEIAETCS BBIBOJ O TOM, UTO JJIS
oOecnieueHrs O€30MaCHOCTH MPOAYKLUUHU MUIIEBOW MPOMBIIIJIEHHOCTH BMECTO
TEPMUYECKUH 00paOOTKH MOKHO MCHOJB30BaTh aHOJUT [80].

NuaktuBanusi cTa@UIOKOKKOBOIO JHTEPOTOKCHHA. [IpomoBonb-
CTBEHHas 0€30MacHOCTb SIBJIACTCS OJHHMM W3 TJIABHBIX NMPUOPUTETOB PA3BUTHUSA
MUIIEBOIN MPOMBILIIEHHOCTA U 00IIECTBEHHOr0 MuTaHus. [IumieBrsie oTpaBieHus
MOTYT OBITh ABYX THIIOB U BBI3BIBAIOTCS MOTPEOICHUEM MTPOTYKTOB, COJIEPIKALIUX
TOKCHUHBI, a TAKXKE MPOJYKTOB, COIEPKAIIMX MH(DEKITMOHHBIE TATOTE€HBI.

B ciyuae nuieBoro oTpaBiieHUsI TOKCHHBI MOTYT MPOU3BOJIUTHCS OaKTe -
pUSAMU WA HAXOJUTHCS B CAMUX B MUIIEBBIX MPOAYKTAX, HAPUMED, B HEKOTOPHIX
rpubax. TOKCUHBI Takke MOTYT OBITh HEOMOJOTHYECKOIO MPOUCXOXKACHUS, HO
HEMOCPEACTBEHHO BIMSIOIINE HAa OMOJOTMYECKHE pEaKIUH, MPOTEKAlolIhe B
opranuszme. CUMIITOMBI, CBA3aHHBIE C MUILEBBIM OTPABJICHUEM, MPOSIBISIOTCS B
BU/I€ TOLIHOTBI U PBOTHI. B HEKOTOPBIX CiIyyasx MOCIEACTBUSA OKa3bIBAKOTCS Je-
TaJTbHBIMH.

TOKCHUHBI OBIBAIOT PA3INIHOTO IMPOUCXOKIACHMA. I[Ba CaMbIX HN3BCCTHBIX
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OakTepHaIbHBIX TOKCHMHA B MPOJYKTaxX MUTAaHUs npoaylupyrotes Staphylococcus
aureus u Clostridium botulinum. HekoTopble TOKCHHBI, TaKie KaK MUKOTOKCHHBI,
Jla’Ke B HEOOJBIIUX KOHIIEHTPAIUAX JEHCTBYIOT MPOAOIAKUTENbHOE Bpems [9, 10,
39]. Hpyras mnpoOnema, CBA3aHHasi C TOKCHHAMH, BBI3BIBAIOIIMMH TMHIIEBBIC
OTpPABJICHUS, - UX YCTOMYMBOCTH K BBICOKOW TEMIIEpaType, YTO HE MO3BOJSET
n30aBUTHCS OT HUX MIPH TEPMUUECKON 00paboTKe MPOIYKTOB.

CTadnI0KOKKOBBIE SHTEPOTOKCHHBI - 3TO OEJIKH ¢ MOJICKYJIAPHOIN Maccou
27 - 30 x/la. Ha cerommsimiamii 1eHh OOHAPY’KEHBI, 1O KpailHEH mepe, BOCEMb
CTa(UIOKOKKOBBIX SHTEPOTOKCHHOB, CPEIM KOTOPHIX HauOoyiee OMacHbId U
YCTOWYUBBINA CTa(PUIOKOKKOBBIM HSHTEPOTOKCHUH A, OTIIMYAIOIIUNUCS BBICOKOU
CTEIEHbIO0 TEPMOCTAOMIIBHOCTH U YCTOMYMBOCTHIO K XUMHUUECKHUM BO3/ICHCTBUSM -
K KUCJIOTaM | 1miesodam [67, 83]. UToOBI BRI3BATH Y JIIOJICH MUIIEBHIC OTPABICHUS
nocratoyHo 200 Hr cTadUIOKOKKOBOIO JHTEPOTOKCHMHA. TOKCHH MpHU
koHueHTparuu 0,4 no 0,8 HI/MJI MOXET BBI3BIBaTh 3a00JieBaHUE B TEUCHHE 3-5
4acoB IOCJe MOTPeOICHUs 3arpsi3HEHHBIX TPOIYKTOB NMUTaHus. Takum oO6pazom,
OYEHb BAXXHO HAWTU CMOCOO MHAKTHUBAIMU CTa(QUIOKOKKOBOTO IHTEPOTOKCHHA
[49, 67].

JIns vMHaKTUBAIMU CTAQUIOKOKKOBOTO HJHTEPOTOKCHMHA HCMOJb30BaIN
AIEKTPOAKTUBUPOBAHHBIC BOJAHBIE PACTBOPHI, MTOTYUCHHBIEC B DJIEKTPOAKTUBATOPE
C HECEJICKTUBHON MemOpaHoi myteMm siektpoiusa 0,1% pacTtBopa XJIOpHUCTOTO
Hatpusi [67]. ABTOpbBI HCHOOJIB30BAIM TMOCTOSIHHBIA 3JIEKTPUUYECKUNA TOK
Hanpspkenus 9 u 11 B. Tlocne anexkrponuza anonut umen pH 2,5-2,8, penokcmo-
teHnuan +1180 mB, muHepamuzamuio 36,3 Mr/mil, KOHICHTPAIMIO AKTHBHOIO
XJIOpa IO TUMNOXJIOPUTY HaTpus 3KBHBaJeHTHYI 0,67 MM. CHUIbHO MIEIOYHOU
akatosut npu pH 11,6-12,0 uMen oKucIuTeIbHO-BOCCTAHOBUTENBHBIN MOTEHINAI
okou10 -880 MB.

Tak kak 27E€KTPOAKTUBUPOBAHHBIE PACTBOPHI OOBIYHO HE OYCHD CTA0UIIBHBI,

u ux OaktepunuaHbii dpdextT Hambosee BBHICOK B IMEPBHIE Yachl MOCIE DJIEK-
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TPOJU3a, Ne3MHPUUUPYIONIME CBONCTBA aHOJMTA W KAaTOJUTa OBUIM MPOTECTH-
POBaHBI aBTOPAMH Cpazy MOcie JEKTPOAKTUBALIMK PACTBOPA XJIOPUCTOTO HATPHSL.
OUKCUPOBAHHBIE KOJUYECTBA CTA(DUIOKOKKOBOTO YHTEPOTOKCHHA CMEIIMBAIIU C
AHOJIUTOM B pPa3NUYHBIX cooTHOIIeHusX [67]. Ouenky »sddexTuBHOCTU
WHAKTUBAIlMM TpU BpeMeHu peakuuu 30 MUH MPOBOJAUIU HECKOJIbKUMU
MeToJIlaMu: 00palieHHO-(}a30BOM JTaTEeKCHON arriaiOTHHAIINEH, HMMYHOAHAIU30M,
ANEeKTPOoPOope3oM B MOIMAKPUIAMHIHOM Telle U aMHUHOKHCIOTHBIM aHAJIU30M.
Okcnozuniua 70 Hr (4To cooTBEeTCTBYeT 2,6 mMM) CTapUIOKOKKOBOTO JHTE-
potokcuHa B 25 mkin PBS, paz6asnennoro 10-Tu kpaTHO pacTBOPOM aHOJIMTA,
npuBeia K OTCYTCTBUI0O UMMYHOPEAKIIMN MEXKy dHTEPOTOKCMHOM U crenudu-
YEeCKUMHM K HEMY AaHTHUTEJIaMU. OJEKTPOPOPETUUYECKUW aHAIM3 MOKa3aj, YTO
pPacTBOpP aHOJIUTA BBI3bIBAJ (PparMEeHTUPOBAHUE CTAPHIOKOKKOBOTO YHTEPOTOK-
CHMHA, @ COCTaB aMUHOKHCIIOT H3MEHWICS: IMOJHOCTBbIO OTCYTCTBOBAJIM TaKHe
AMHUHOKHUCJIOT, KaK METHOHHMH, TUPO3WH, M30JICHIIMH, acraparuiHoBas KHUCJIOTA.
boiio  oTMeudeHo, YTO CTaUIOKOKKOBBIM SHTEPOTOKCHH, JKCKPETUPYEMbIN
KYJbTYpOl B MUTATENIbHBIN OYJbOH, TAKXKE pa3pylIalics B AJIEKTPOAKTHUBUPO-
BAHHOM BOJIHOM pPACTBOPE C BBICOKHM TMOJOXKHUTEIbHBIM OKHUCIUTEIBHO-
BOCCTAHOBUTEIHLHBIM MOTEHIIAATIOM.

Takum 00pa3oM, aHOJUT MOXKET OBbITh MCIOJIB30BaH ISl OOecreueHus
0€30ITaCHOCTH MMUIIEBBIX MPOAYKTOB B IMHIIEBOMN MPOMBIIIJICHHOCTH [67].

Hcnonb30BaHue 3J1eKTPOAKTHBALMUA B arpoNnpoOMbBIILJIEHHOM KOM-

IUieKce. AKTUBUPOBAHHAs BOJIa HAXOAUT IIMPOKOE MPUMEHEHUE Uil CO3AaHus
AKOJIOTUYECKHA YHMCTHIX, BHICOKOI(P(HEKTUBHBIX M O€30IMAaCHBIX TEXHOJOTUN MJis
pa3MyHbBIX OoTpacien mpousBoAcTBa [15, 17, 21, 22, 24, 25, 27]. IIpu 3TOM HE
TpebyeTcst AeUIMTHBIX MaTepPUAIOB JIJIsl MPUTOTOBJICHUS BOJbI [9,10, 23, 26].

beuma usyuena 3¢h(PEKTUBHOCT, MPUMEHEHUs DJIEKTPOAKTHBUPOBAHHBIX
BOJIHBIX PAaCTBOPOB B MPUTOTOBJIICHUU CHIIOCA. [[J151 3TOr0 B 3KCIIEPUMEHTE CHUIIOC
oOpabatsiBasics anonuToM [7]. Cuioc, moJTydeHHbIH TPAAUIIMOHHBIM CITIOCOOOM U

CUJIOC, KOHCEPBUPOBAHHBIM aHOJUTOM, CKApMJIMBAJIN ObIYKaM.
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[Tocne 10-T1 1HEBHOM KOPPEKTUPOBKU OBIYKOB KOHTPOJIBHOM IPYIIN KOp-
M 147 cyTOk TeM XK€ KOPMOM, YTO U B IpeAbIAyIni nepuoa. B kopmoBoi
PaIMOH OTBITHOM TPYIIIBI BXOIUJI CUIIOC, 00pab0TaHHBIN aHOJIUTOM, TIOJTYYCHHBIM
yTEM DJIEKTPOAKTHUBALMU PACTBOPA XJIOPUCTOro HaTpus. CpeaHecyTOUHbIE
npupocThl Macchl Tena Obu 1040 u 1120 T y KOHTPOJIBHOM M OMBITHOW TPy,
COOTBETCTBEHHO.

Cuiioc, KOHCEpBUPOBAHHBIM 3JIEKTPOAKTUBUPOBAHHBIM PACTBOPOM XJIO-
pUCTOTO HATpHs, HE3HAYUTEIHbHO YBEJIMYMWII MEPEBAPUMOCTH OBIYKAMHU CHIPOi
KJIeTYaTKl U 0€3a30TUCTHIX BemiecTB. OpHAKO, YMEHBIIUJIACh MEPEeBAPUMOCTh
00IIIero cyxoro BeIecTBa, CHIPOro MPOTEHHA U KUpa. bHoAoCTymHOCTh a30Ta y
OBIYKOB KOHTPOJIbHON M ONbITHOM rpynn Obuia 32,3 u 35,47%, COOTBETCTBEHHO.
ABTOpBI YCTAHOBWJIM, YTO Y KOHTPOJIBHBIX U IKCIIEPUMEHTAIBHBIX OBIYKOB MeE-
tabonusupyetcs 72.9-67,6 mJIx suepruu, u 712,0 u 783,2 r/Kr cblporo npoTeunHa,
COOTBETCTBEHHO [17].

B KoHCEpBUPOBAHHOM CUIJIOCE 3HAUUTEIBHO BO3POCIN KOPMOBBIE €IUHUIIBI,
yeMy CBHUAETENbCTBYET pocT mnokazarens ¢ 0,22 mo 0,29. KoncepBupoBaHHBII
CUJIOC 3HAYUTENIBHO OTJIMYAJICA U 10 COJECPKAHUIO OPTraHNUYECKUX KUCIIOT. B HEM
OTCYTCTBOBAJIM MacJisiHasi KHUCIIOTa, JOJIS K€ MOJIOYHOM KHUCJIOTHI COCTaBJIslIa
2,21% na 1 Kr HaTypaJbHOTO BEIIECTBA, a YKCYycHOM - 0,85%. B HeoOpaboTanHOM
AKTUBUPOBAHHOM BOJIOM CHUJIOCE HA JI0JII0 MOJIOYHOMN KUCJIOTHI IPUX0AUI0Ch 1,6%,
ykcycHou - 0,5% u macnsinoi - 0,02% nHa 1 kr HaTypanbHOro Bemectsa [17].

bo11 mpoBesieH B coueTaHUU € IPYTUMHU YCIOBUSAMHU TTOA00P AIEKTPUUECKUX
napaMeTpoOB MPH 3JICKTPOAKTHUBAIMK HKphI pbiOOK Danio rerio (Bum mpec-
HOBOJHBIX PBIO cemeiicTBa kaprnoBbeix (Cyprinidae)) [50, 84]. MccnemoBanus ObLIH
HalpaBJICHbl HA YBEJIMYECHHUE OIUJIOJOTBOPUMOCTH UKPHl B HAYAJIBbHBIA MOMEHT
OBYJSIIMU U cimycTd | mim 2 yaca mocne Hee. TeopeTMyeckod OCHOBOM HC-
clieoBaHUs ObllIa THIOTE3€¢ aKTHUBAIMKA OOLUTOB MJICKOMUTAIONIUX ITOCIIEI0Ba-
TEIHHOCTBIO DJJIGKTPUUECKHX HWMITYJIbCOB. B pesynbpTaTe 3TOro 0OJerdanach

BHYTPULIUTOIIa3MaTUYECKAss MHBEKIMSA criepMaro3onaa [58, 59], unm nonyyeHue
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MapTEHOTCHETUYECKUX JUIUIOMIHBIX KJIETOK 53MOpuoHoB [61], momoOHOE
nepecaake sapa COMAaTUUECKONW KJIETKU B siMleKIeTKy [47, 76]. Jdna TpaHcniaH-
TaIMH SIeP TMPOBOIIIIN DIIEKTPOAKTUBAIIMIO UKPHI STOHCKOH peIObI Oryzias latipes
[51, 89]. beuto moka3zaHO, YTO TMepecajka COMaTUYECKOTO sapa CIocoOHa
WHIYLIMPOBATh Pa3BUTHE IMOPUOHA IPU aKTUBALIMH TOJIBKO BOJ0M [46, 50, 65, 84]
. ABTOpBI Take OOHApPYXWJIM, 4TO NpPH TpaHCILIaHTamuu sjuep B Danio rerio
MOTYT OBITh MOJIy4eHbl HEKOTOPbIE TPEUMYIIECTBA JOTMOIHUTEIHLHOM aKTUBaLIMEN
HKPBI 3JIEKTPUUECKUMU UMITYJIbCAMHU.

DJIEKTPOAKTUBALMIO MTPOBOAWIMN B JIEKTPOJIU3HON SiUEHKE, BU3YAIH3ALIUIO
(GOpMBI DIIEKTPUUYECKUX HUMITYJIBCOB OCYIIECTBISIN ocuuuiorpagom. beimu
BbIOpaHbl 5-20 HEAKTUBUPOBAHHBIX HMKPUHOK, KYJBTUBUPYEMBIX B PAacTBOPE
XoHkca. VIKpUHKM MEPEHOCUIIM B UMIYJIbCHYIO SUEHMKY, COAEPIKAIILYIO BOIY B
Ka4eCTBE JJIEKTPOAKTUBUPYEMOU cpeabl. Ha 3JIeKTpobl sUekn ¢ UKpoW moaa-
BaJIUCh MPSMOYTOJIbHBIC JIEKTPUUYECKHUE UMITYJIbChI, 3aT€M UKPUHKU WHKYOHpPO-
Banu B yamike [letpu mpu temmepatype 28,5 °C B 3JEKTpPOJIU3HOM PaCTBOPE.
KonTtponpHyto rpyniy noMmemand B 00biuHyI0 Boay. [locie 1 waca uHkyOanuu
onpenensuii (PyHKIIMOHATBHYIO aKTUBHOCTh HUKPUHOK. D(P(HEKTUBHOCTH dJIEK-
TPOAKTUBAIMU OLICHUBAJIU IO KOJMYECTBY HE HAUABIIMXCS JEIUTHCS XOTS ObI
OJIVH pa3 UKPUHOK COTrJIacHo [69].

DJIEKTPOAKTUBAIIMIO MPOBOAWIM B CIEAYIOIIUX PEKUMaxX [HaMpsKEeHHE
anekTpudeckoro mous (V) X 9uciio uMITynbcoB]: 2,76X1, 2.76x2, 2,76x3, 5,40x1,
5,40x2, 5,40x3 [84]. Haumyumue pe3ynbTaThl (32% aKTUBHBIX UKPUHOK) OBLIA
noJiydeHsl B pexume 9,40X3. B npyrom skcriepuMeHTe BpeMsi AIeKTpooOpadboTKu
coctaBwiio 20 MUH, IPHU 3TOM I0JIaBaach MOCIEA0BATEILHOCTh OJTHOTO WIJIH TPEX
OJIMHAKOBBIX D3JICKTPUYECKUX HUMITYJIbCOB B TedueHue 10 MuH. bbuim Takke
WCIIOJIb30BaHbl MPSIMOYTOJBHBIE HWMITYJbCHl JUIMTEIBHOCTRIO 20 MKC TMpu
HanpsokeHusix 2,7 u 5,4 B.

ABTOpPBI TakXke COOOMTUIIH, YTO KOJIMYECTBO MMITYJIHCOB, TI0/IaBa€MbIX Ha

ANEKTPObI DJIEKTPOJIM3HON SUYEHKH, OKa3blBAJIO OTPHIIATENIbHO JEHCTBHUE Ha
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CKOPOCTb TMOBPEXKICHUS U JU3UC UKpUHOK [84]. Tonpko 20-Tu MuHyTHas oOpa-
00TKa TpeMsi MOCcIeA0BATEeIbHBIMU UMITYJIbCAMU TIPU HanpsbkeHuu 2,7 B mokasana
CYILIECTBEHHYIO Pa3HUILy MEXAY OIBITHOW U KOHTPOJIbHOU rpynmnamu - 43% u 18%
ULl OBLITU OTLJIOJIOTBOPEHBI, COOTBETCTBEHHO. M3 3TOT0 aBTOPHI MPUIILIU K BHIBOTY
00 3¢ (HEeKTUBHOM CTUMYIUPYIOIIEM JACHCTBUHN DJICKTPOAKTUBAIIUN HA UKPY PHIOOK
Danio rerio.

[IpoToyHOE ANEKTPOAKTHUBUPYIOIIEE YCTPONUCTBO OBLIO YCIENIHO UCIOJIb-
30BaHO JJIS DKCTPAKIUH U TOCIEAYIOMIETO OCAXKICHHS OeTKa U3 T0ICOTHEYHOTO
mporta [1, 6, 11, 12, 32, 35]. DnekrpoakTuBanus ObljIa MPUMEHEHA B LEJIIX CO-
3/1aHUsI ONTUMAJIbHBIX YCJIOBHUM JJIA M3BJICUEHUs1 Oelka B KAaTOJHOM OTCEKE ak-
THUBaTOpa, B KOTOPOM Bojia 3amienaunBaiack 10 PH 11. ITocne sxcrpakiuu pac-
TBOp OeNka MpOMyCKaldu 4Yepe3 aHOJHYI0 Kamepy, B KOTOPOM CHIbkeHue PH

MMPpUBOANIIO K OCAXICHHUIO OCJIKOB IIpu JOCTUKCHUHN HMU H3OBJ’I€KTpPI‘ICCKOI>i

touku (= pH 4,5). B pesynbrare nocruranack skctpakuuu 34% OEIKOBOTO Be-

IIIECTBA OT CYXOM MaccChl MPOTa. B KOHTPOJIBLHOM JKCIIEPUMEHTE, TAE I J0-
CTH)KCHHST HEOOXOAMMBIX 3HAYCHHWH pH A 3KCTpaKIUU U OCaXIACHUU HCITOJIb-
3oBainu NaOH u HCI, macca 6enka Obl1a He3HAYMTENIBHO BhILIE - 39%. [To MHEHUIO
aBTOPOB, TEXHOJOTHS DJICKTPOAKTHBAIUS 11 W3BJICUCHUS Oelka W3 CeMsH
MOJICOJITHEUHHUKA IIPOT MOXKET OBITh ONTHMH3HWPOBaHA TOJO0POM IapaMeTpPOB
peXrMa dJIeKTpoakTUBaK. K HUM OTHOCSTCS CKOPOCTh IMPOTOKA pacTBOpa Yepe3
AIEKTPOAKTUBATOP, ILIOMIAAL JJICKTPOJOB W pa3Mep YacTHI] TOJCOTHEYHOTO
mpoTa. DTUMH K€ aBTOPaMH OCYIIECTBJISUIMCH TOJYyYEHHUE U3 COKa JIIOIICPHBI
IyTEM €ro AJICKTPOAKTUBAIIMA BUTAMUHHO-OCIIKOBOTO KOHIICHTPATA, SKCTPAKITUS
1 ocaxkaeHue OeIKOB ropoxa, kazenHa mojioka [19, 20, 29, 33].
DNEKTPOAKTUBAIMIO YCIIEITHO MPUMEHSIIN JIJISl SKCTPAKIIMKM KHUCIBIM aHO-
JUTOM TIEKTHHA W3 SIOJOYHBIX BBDKUMOK M CBEKIIOBUYHOTO KOMa, dJIEKTPOKOA-
TYJSIANA CBEKJIOBUYHOTO TIEKTUHA. DTO TMO3BOJIUIIO M30€XKaTh COACPKAHUS KHUC-
JIOTHOTO XO3SIMCTBA HA MPEANPHITHH W 3HAYUTEIHLHO YMEHBIINTH 00BEM B TEX-

HOJIOTMYECKOM Mpoliecce 3THIoBoro cnupta [40].
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3aki04eHue. AHAIU3UPYs JIMTEPATYPHBIE JAHHBIE, MOYKHO C/I€TIaTh BBIBOJL
O LIMPOKOM HCIIOJIb30BAHUHU 3JIEKTPOAKTUBALMU BOJABI U BOAHBIX PACTBOPOB B
TEXHOJOTHYECKHX MpoIeccax U METUIMHE, B (PU3UKO-XMMHUYECKUX U OHOJIO-
TMYECKHUX peaklusaX. B mpakTuyeckom IUlaHe 3JIEKTPOaKTUBUPOBAHHAS BOJA U
BOJHBIE PACTBOPBI CIIy’)KaT MOIIHBIMA HHCTPYMEHTaMH, UCIHOJIb3yEMbIMH IS
obecrieyeHHs: MPOAOBOJIBLCTBEHHON O0€30MacHOCTH, COKpallleHHue IPUMEHEHHs

IMPUBBIYHBIX U JOPOTUX MCTOJOB IIGSI/IH(beKHI/II/I.
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